Abstract
Introduction

55
Static balance relies on the ability of the central nervous system (CNS) to control 
63
It is well established that "hip strategy" is enhanced when individuals stand in the 64 forward-backward direction on a narrow movable surface with practice (Horak and 65 Nashner 1986). In other words, hip movements increase to counter large perturbations 66 by shifting the COG quickly back to a position well within the BOS. However, the hip 67 strategy may be a result of the restricted condition of the BOS remaining constant 68 relative to the movable surface. "Ankle strategy" may also be constrained by this 69 condition of a narrow BOS fixed relative to the movable surface.
70
Therefore, the purpose of this study was to investigate the adaptation of postural 71 control under the challenging condition of standing on a narrow unfixed base of support.
72
The LOS narrows with age or in individuals with balance disorders (Blanchet et al. 73 2014). In these cases, the COG can shift easily to the boundary of the narrow LOS even 
Methods
79
Thirteen healthy young adults (seven male; mean age: 22.7 ± 1.3 years; height: 80 164.4 ± 9.7 cm; weight: 58.1 ± 11.6 kg), without any known neurological or motor 81 disorders, participated in this study. Written informed consent was obtained from all 82 subjects and the study was conducted in accordance with the Declaration of Helsinki.
83
Kinematic data in the sagittal plane were collected using a 3D motion analysis Paired t-tests were used to evaluate the differences between the first and last 100 trials for each subject. Statistical significance was set at p < 0.05.
102
Results
103
The mean value (±SD) of standing duration was 29.5 ± 33.6 s in the first trial and 104 129.9 ± 39.2 s in the last trial, a statistically significant increase (p < 0.01). The mean 105 number of trials taken by subjects to achieve a duration of over 90 s was 11.3 ± 6.4 106 trials (range 6-26 trials). Figure 2A shows the RMS values of COG displacements, COP 107 displacements, and margin of stability (MOS) (Hof et al. 2005 ) in the first and last trials.
108
All were significantly reduced in the last trial compared to the first trial (p < 0.05). In 109 contrast, the RMS values of the ROM of the hip, knee, and ankle joints showed no 110 significant difference between the first and last trials (Fig. 2B) . Figures 3A and 3B show 111 the typical time course data of the COP and COG in the first and last trials, respectively.
112
The RMS value of the COP-COG distance in the last trial was significantly smaller 113 than that in the first trial (p < 0.05; Fig. 3C ).
115
Discussion
116
The external variables improved with practice, while the internal variables did not.
117
The external variables were position of COM and COP, while the internal variables 118 were joint angles in this study. When we execute a motor task, we generally have many 119 more degrees of freedom (DOF) than necessary to fulfill the requirements of the task.
120
The coordination of redundant systems was first formulated by Bernstein (1967) as the 121 DOF problem. Thus, this observation would be obviously the consequence of highly 122 redundant human locomotor system, where the same task, described by external 
129
In our previous study, the COP-COG distances during one leg standing increased with 
135
The large standard deviations were found in most of the measurements presented 136 in the results section. In the first trial, the subjects showed large variability in duration 
